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POREMORD 

This report has b««n prepared by Hughss Tool Company — Aircraft 

Dlrlsion undar USAP Contract AP 33(600)-30271 "Hot Cycle Pressure 

Jet Rotor System", D/A Project Number 9-38-01-000, Subtask 6l6. 

The Hot Cycle Preesure Jet Rotor System Is based on a prin- 

ciple wherein the exhaust gases from high pressure ratio turbojet 

engiae(s) located in the fuselage are ducted through the rotor hub 

and blades and are exhausted through a nozzle at the blade tips. 

Forces thus produced drive the rotor. 

The objectives of this contract are to: 

1. Analyze utility of the concept as applied to helicopters, 

compound helicopters, and convertiplanes of various sizes. 

2. Demonstrate structural feasibility by design, fabrication 

and whirl test of a rotor (25 hours of whirl test). 

3. Further explore rotor characteristics. 

a. Aerodynamic and Dynamic (additional 10 hours of 

whirl test) 

b. Endurance-type check (additional 25 hours of whirl 

test) 

k.      Study control problems involved in gas coupled engine 

and rotor. 

This report covers that portion of the work pertaining to 

analysis of the design prior to whirl test, specifically a study 

of blade potential resonances. It Is in partial fulfillment of 

Item 4e, covering Analysis Pertaining to Design of the Rotor System, 

performed under Item 4b of the contract. 
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SUMMARY 

Figure 1 presents the predicted blade elastic resonant condi- 

tions for the Hot Cycle whirl test rotor. This figure Indicates 

the rotor should be free of resonance within the operating range. 

The apparent resonance of chordwise cantilever second mode 

with a 6/rev exciting force In the operating range of RPM Is not 

expected to occur. This Is because the exciting forces are 

assuued of aerodynamic origin and. In a 3-bladed rotor, 6/rev 

aerodynamic forces will excite chordwise pinned modes only. 

97D4 
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KKTHOD OT AWALYSIS 

The iSyklettad m«tho<l of deterninlng the theoretical natural 

frequencies was used. A discussion of this method is presented in 

the Appendix. The Myklestad analysis was progr&aed on the IBM 

7090 computer. The analysis uses 21 stations and determines the 

natural frequency to within .001 rad/seo. 

The natural frequency occurs when the bending moment at the 

root is zero on a pinned free blade (flapwise bending) and when 

the angle at the root is zero for a fixed free blade (ohordwise 

cantilever bending).* Thus, it is necessary to compute the root 

moment or angle at various frequencies (w) to determine the re- 

sonance point. This was done by starting at ^ * 1,2 x rotor 

speed and increasing U) until the root moment or angle changes 

sign« After a change in sign occurs, a parabola is passed through 

the last three points to determine the next try for tu . This is 

done until ^converges to within .001 rad/sec.  The mode shape 

is then determined for this resonant frequency. The program 

continues increasing Co and searching for the resonant frequen- 

cies until four modes are obtained. 

It is known that« approximately 

^fot - ^non-rot + ^ ^D 

where kJTQ*  • the natural frequency of the rotating blade 

^ n-rot •• the non-rotating natural frequency of the blade 

-A. ■ rotating frequency of the rotor 

k ss a numerical factor which differs for each mode. 

* See Figure 2 for mode shapes, 
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Tha theoretical T&lua of k was obtained from the Mykleatad 

analysis described above. This was done for all bending ssodas 

of Figure 1 with the exception of the chordwlse cantilever second 

node which was developed fron an Intema analysis. Reference 1. 

Then« from shake test results*, the actual value (or In raost 

oases reuige of values) for 60 was determined. These values 
non-rot 

were reduced by a factor x 10c which Is meant to account 

x ICT 
approximately for the reduction of the modulus of elasticity of 

the titanium spars from the room temperature value at which the 

shake tests were performed to the value when the spars are at whirl 

test operational temperatures. 

Having then established oü the value of k determined 
^ non-rot, 

as described above was assumed to be valid for the actual blade. 

Under these conditions, the frequency lines of Figure 1 were 

plotted. 

The measured chordwlse cantilever frequencies were correettd 

for the tension load applied to prevent buckling of the straps. 

The chordwlse pin-end mode was corrected from the test condi- 

tion (pinned at the feathering ball) to the operational condition 

(pinned at the rotor shaft). 

The third mode flapwise frequency curve Is based entirely on 

theoretical calculations Inasmuch as the shake tests were not car- 

ried out to high enough frequency to exolte the non-rotating third 

mode flapwise frequency. 

• Reference 2 
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Discussion 

TpblQ 1 presents the predicted Hot Cycle Reaonancet between 

70^ .and 99^ r»f Klnlroyin Normal Operating Rotor EPIl. These value» 

W«ST% obtained from Figure 1 

Table Z 

rredlete<l Hot Cycle Reeonance» Between 

fOf' end 99gf' of WlnlauM Normal Operating Rotor RPM 

Subsystoa Ilatur&l Praqucney 
Ratio (par rav} 
At Raaonaace 

Rotor RPM 
At 

Resonance 

$  Minimum 
formal Operating 

RPM 

Remarks 

Plapwlaa 
2n4 lloda 

PlapMlsa 
3r1 «ode 

Chordttlaa 
Caatllavar 
Ist lloda 

Chordwiae 
Pinned 
lat Moda 

Chordwiaa 
Cantilavar 
2nd Mode 

5/rav 

7/rov 

2/rev 

6/rav 

7/rav 

e/rev 

151-193 

205 

72-88 

5': 

17S 

197 

80 

QC 

188-197 

16^-172 

86-90 

75-78 

Slastlc Flapwlse Modes 

1st Mode Plapwlse - The predicted natural frequency ratio 

squared as a function of rotor rpta squared Is shown In Figure 1. 



ANALYSIS   

PREPARED BY- 

CHECKED  BY- 

HUGHES TOOL COMPANY-AIRCRAFT DIVISION SSS-U 
MODEl BEPORT NO      (62-14)     PAJE 5 

^^•fL j^a/a^ 

At about 85 rptt, the natural frequency rstlo la 3/rov. Thereafter, 

aa rotor speed increaaee, the frequency ratio moves toward 2/rev 

and farther away frosn a multiple of rotor speed. There appears 

to be no problem In this node. 

2nd Mode Plapwise - The seoond node flapwiae natural frequency 

Is also shown In Plsure 1. The natural frequency ratio passes 

through 6/rev, and higher resonanoes below 139 rpn. The range of 

possible second node flapwlse resonance with 5/rev Indicates a 

possibility of resonance as high as 193 rpn (88^ of the MlniMin 

operating rpn)• 

3rd Mode Flapwlse - The predicted third atöde flapwlse reson- 

ance also appears in the figures. This prediction is less reli- 

able than the lower nodes since there were no atte»pts during shAke 

tests to find a stationary third node frequency. A 7/rev reson- 

ance at 205 rpn (9^ of ninlnun rpn) is indicated. 

Elastic Chordwlse Modes 

For chordwlse elastic vibration there exist two possible end 

conditions at the oeaterline of rotation. The and condition de- 

pends on whether the elastic notions of the three blades are in 

phase or out of phase. If all three blade notions are in phase, 

then the center of rotation behaves as a pinned bean. For aero- 

dynamic forcing, the pinned end condition should occur at 3/rev, 

6/rev, 9/rev, etc. 

If the blade notions are opposed to one another, then the 

center of rotation behaves as a fixed bean. Aerodynanio forcing for 

fixed root nodes should occur at all nultlples of rotor speed 
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exc«pt integer tmltlples of the total number of blades (In this 

ca««, 3). 

Ist Mode Chordwlge Pinned - At rotor «peefls less th»n nornal 

operating rpsi, la^ mode chordwlte {tinned should be In resonance' with 

9/reir at 125 rp« and 6/rev at I«? rpii. Thl» latter value 1» 905^ 

of nlniaura norwal operating rp«. : ; 

So higher «ode» «f eherdwlse pinned are considered einee they 

«rill be of quite high frequency and «re una übet ant lated by any shake 

t&sts. 

First Mode Chordwlee Canttleirer - As seen la Figure \9  the 

•lope of the plot of first node chordwlse cantilever is small and 

the value of frequency is rather low. Thus, the frequency plot 

crosses all the per rev lines except 1/rev belo«; operating rpo. At 

175 rpa, this «ode Is In resonance with a 2/rev force. In the oper- 

atlns range« the frequency appears to be adequately below 2/rev 

and above 1/rev.s 

Second Kode Chordwlse Cantilever * This frequency plot is inter- 

cepted \ri a 6/rev lins In the operating range of rpta« However« If 

It Is assussed all forcing functions for this node are of aerodynanio 

origin« then any 6/rev hsrnonic would excite a pin-ended node and 

not a fixed ended node. On this basis it is ascueied no serious re« 

sonance with 6/rev forces will occur for this nods. 

Resonance with 7/rev or 8/rev haraonics of an aerodynanio 

exciting force are possible« however. Resonance with 7/rev for 

second node cantilever is possible at 197 rpro as seen in Figure 1. 

This is 90^ of siniaun normal operating rp». 

": 9704 
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SYMBOLS FOR APPENDIX A 

A 

CF 

E 

a 

H 

I 

IP 

ZN 

K 

i. 

J 
H 

•) 

r 

Vp - 

V„ m 

Cross section area. 

Centrifugal foroe. 

Deflection due to shear, see Figure 3* 

Defleetioa due to moaent« see Figure 2. 

Modulus of «lestiolty« 

Sing« offset. 

Kodulue of rigidity. 

Luapad «ass WMMnt of inertia. 

Cross aeetioa svaa aoaeat of inertia. 

Inertia fores. 

Zaertia neaeat. 

Constant depending on shape of cross section« 

see aquation 1. 

Length of blade segaeat, see Figure 1. 

Distance bttMeen luaped nasses« see Figure 1. 

Koaent. 

Luaped aass« sea Figure 1. 

Distance froa eenterline to section of blade, 

see Figure 1. 

Shear 

Slope due to shear, see Figure 3* 

Slope due to noment« see Figur« 2. 
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X  «  Distance fro© hinge to section of blade^ «ee 

Plgure 1. 

y  «  Deflection. 

oC.    m     Slope. 

JTL m     Rotor angular velocity. 

Cü   m     Natural frequency. 

Subeerlpt» 

Refers to station. 
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